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Background
• Harmful Algae Blooms (HABs) 
caused a reported $6 million in 
economic loss per month in 
Florida in 2016 due to threat to 
human health
• According to the Harmful Algae 
Bloom Event Database, 107 
events have been reported in 
2021 alone (HAEDAT)
• In 2020, a 14 month long bloom 
killed hundreds of tons of fish as 






• Algal toxins are mainly released when 
cells are lysed open due to natural cell 
death or chemical treatment 
• Microcystins are among the most  
common algal toxins with significant 
health and aesthetic effects
• Acute health effects include 
abdominal pain and pneumonia, 
elevated concentrations can cause
liver and kidney damage
• Dermal, oral, and inhalation are 
potential routes of exposure
• USEPA has a 10-day health advisory  of 
1.6 ug/L for school age children and 
adults for microcystins in drinking water
•
Renewable Energy 
Harvesting from Harmful 
Algal Blooms (REHAB)
• Rapidly mitigate HABs by harvesting and converting algal 





• High Temperature: 200-350 C
• Retention Time: 5- 60 minutes
• High Pressure: 80-120 atm
• Keeps water in a liquid form (less energy input)
• Follows chemical pathways that formed petroleum from biomass
Source: Parr Instrument Company
Destruction of Biologically Activated Compounds via 
HTL
• HTL has previously shown over 98% destruction of biologically active compounds such 
as estrone (hormone) and florfenicol (antibiotic) (Pham et. al, 2013) 
• HTL Reaction conditions of 300 C for 60 minutes
• Aqueous HTL byproduct is a high strength wastewater that must be properly treated 
before environmental discharge or recycling into beneficial reuse products
• Successful destruction of algal toxins would add to the value of the HTL conversion 
process for mitigation of HABs
Analysis of Algal Toxins
Sample preparation using Solid Phase 
Extraction (SPE)
Analyzed with Liquid Chromatography + 
Tandem Mass Spectrometry








Sample Cleanup and 
Extraction of Complex HTL 
Matrix
• Utilized USEPA Method 544 Determination 
of Microcystins and Nodularin in Drinking 
Water for HTL aqueous product samples
• After SPE, samples were blown to dryness 
via N2 gas and reconstituted in 1 mL of 
90:10 MeOH/H2O 
QA/QC
















Sample Algae Sample ✕ ✕
Destruction of Algal Toxins in HTL Matrix
• Algae samples spiked to final 
concentration of 100 ng/mL pre 
HTL
• Average of 98.8% destruction 
• Conditions: 300 C for 30 mins
• All compounds post HTL were 
below instrument detection 
limit
• Removal confirmed with matrix 
spike, reagent blank spike, and 
analytical spike recoveries 

























Comparison of Recoveries of Blank Spike, Matrix Spike, 
and Post HTL Sample 
rbsk ansp mspk Post HTL Calculated Initial Conc.
Observations
• At 250 C all compounds 
were below detection limit
• Nodularin was ~50% 
destroyed at 200 C and 175 
C
• All other compounds 
showed significant 


























Analyte Recoveries in Blank Matrix at 175, 200, and 
250 C for 15 min
Pre HTL Post HTL 175C
Post HTL 200 C Post HTL 250
Calculated Initial Conc.
Conclusions
• Conversion of HABs into biofuels via hydrothermal liquefaction shows a promising 
solution to mitigate harmful algae blooms and destroying algal toxins
• An average of 98.8% destruction of algal toxins was measured in natural algae bloom 
samples that underwent bench scale HTL 
• Based on initial results in a blank matrix, destruction of algal toxins decreases below 
250 C
Future Work
• Further optimization of destruction of algal toxins with varying temperatures and 
retention times for HTL reactions
• Analysis of breakdown products in post HTL aqueous product 
• Microtox analysis for toxicity of aqueous product
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